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1
METHOD OF REPAIRING SUBSTRATE

CLAIM PRIORITY

This application makes reference to, incorporates the
same herein, and claims all benefits accruing under 35
U.S.C. §119 from an application earlier filed in the Korean
Intellectual Property Office on 3 Jan. 2013 and there duly
assigned Ser. No. 10-2013-0000705.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a method of
repairing a substrate.

2. Description of the Related Art

The present disclosure herein relates to a method of
repairing a substrate, and more particularly, to a method of
repairing a substrate using laser beam.

The above information disclosed in this Related Art
section is only for enhancement of understanding of the
background of the invention and therefore it may contain
information that does not form the prior art that is already
known to a person of ordinary skill in the art.

SUMMARY OF THE INVENTION

The present disclosure provides methods of repairing a
substrate that may selectively remove a portion of a short-
circuited metal layer without having an influence on another
layer.

The present disclosure also provides methods of repairing
a substrate that may prevent corrosion of a metal layer
exposed after a short-circuited portion between metal layers
and an insulating layer are removed.

Embodiments of the inventive concept provide methods
of repairing a substrate including: providing a substrate
including a metal layer and an insulating layer on the metal
layer; and irradiating a laser beam of a first wavelength
range in a perpendicular to the substrate to selectively
remove a portion of the metal layer.

In some embodiments, the laser beam may be irradiated
until the temperature of the metal layer arrives at least at a
melting point of the metal layer.

In other embodiments, the laser beam may be irradiated
using a wavelength variable solid laser.

In still other embodiments, the insulating layer may be
made of a silicon-based material, for example, silicon oxide.
In even other embodiments, the first wavelength range is
about 2-6 pm.

In other embodiments of the inventive concepts, methods
of repairing a substrate include: providing a substrate includ-
ing a metal layer and an insulating layer on the metal layer;
irradiating a first laser beam in a perpendicular to the
substrate to selectively remove a portion of the metal layer
and a portion of the insulating layer; and irradiating a second
laser beam onto a side surface of the insulating layer to form
a corrosion preventing layer covering the side surface of the
insulating layer.

In some embodiments, the metal layer may be made of a
metal having a melting point higher than the insulating layer.

In other embodiments, the second laser beam may be
irradiated until at least the temperature of the insulating
layer arrives at the melting point of the insulating layer and
before at least the temperature of the metal layer arrives at
the melting point of the metal layer.
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In still other embodiments, the second laser beam may be
irradiated with a predetermined slope with respect to a
direction perpendicular to the substrate. In even other
embodiments, the second laser beam may be irradiated to
form a closed loop on a plane along the side surface of the
insulating layer.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention, and many
of the attendant advantages thereof, will be readily apparent
as the same becomes better understood by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings, in which like refer-
ence symbols indicate the same or similar components,
wherein:

FIG. 1 is a flow diagram illustrating a substrate repairing
method according to an embodiment of the inventive con-
cept;

FIGS. 2 and 3 are cross-sectional views illustrating the
substrate repairing method of FIG. 1;

FIG. 4 is a flow diagram illustrating a substrate repairing
method according to another embodiment of the inventive
concept; and

FIGS. 5, 6A and 7 are cross-sectional views illustrating
the substrate repairing method of FIG. 4; and FIG. 6B is a
plan view an irradiation path of a second laser beam.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The example embodiments are described more fully here-
inafter with reference to the accompanying drawings. The
inventive concept may, however, be embodied in many
different forms and should not be construed as limited to the
example embodiments set forth herein. In the drawings, the
sizes and relative sizes of layers and regions may be exag-
gerated for clarity.

It will be understood that when an element or layer is
referred to as being “on,” “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like or similar
reference numerals refer to like or similar elements through-
out. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.

It will be understood that, although the terms first, second,
third etc. may be used herein to describe various elements,
components, regions, layers, patterns and/or sections, these
elements, components, regions, layers, patterns and/or sec-
tions should not be limited by these terms. These terms are
only used to distinguish one element, component, region,
layer pattern or section from another region, layer, pattern or
section. Thus, a first element, component, region, layer or
section discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings of example embodiments.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
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depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terminology used herein is for the purpose of describ-
ing particular example embodiments only and is not
intended to be limiting of the invention. As used herein, the
singular forms “a,” “an” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises” and/or “comprising,” when used in this speci-
fication, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

Example embodiments are described herein with refer-
ence to cross sectional illustrations that are schematic illus-
trations of illustratively idealized example embodiments
(and intermediate structures) of the inventive concept. As
such, variations from the shapes of the illustrations as a
result, for example, of manufacturing techniques and/or
tolerances, are to be expected. Thus, example embodiments
should not be construed as limited to the particular shapes of
regions illustrated herein but are to include deviations in
shapes that result, for example, from manufacturing. The
regions illustrated in the figures are schematic in nature and
their shapes are not intended to illustrate the actual shape of
a region of a device and are not intended to limit the scope
of the inventive concept.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this inventive concept belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.

Generally, in forming displays and semiconductors, a
metal layer is formed on a substrate and then an insulating
layer is formed thereon. At this time, the metal layer may be
used variously for a metal wiring, a metal pattern, etc.

In spite that the metal layer should be formed in plurality
on the same layer and the plurality of metal layers should be
electrically isolated according to circumstances, the plurality
of' metal layers may be short-circuited due to a process error.

To solve the above-mentioned problem, a method in
which a laser beam is irradiated onto the substrate formed
with the metal layer and the insulating layer to remove some
of the short-circuited metal layer is used.

However, the existing method does not selectively
remove only some of the short-circuited metal layer but also
removes some of the insulating layer thereon together with
the some of the metal layer. As a result, the metal layer may
be unnecessarily exposed through the removed insulating
layer and thus the exposed metal layer may be corroded.

FIG. 1 is a flow diagram illustrating a substrate repairing
method according to an embodiment of the inventive con-
cept, and FIGS. 2 and 3 are cross-sectional views illustrating
the substrate repairing method of FIG. 1.
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Referring to FIGS. 1 and 2, in operation 51, a substrate
100 is first provided. The substrate 100 includes an insulat-
ing substrate 10, a metal layer 20, and an insulating layer 30.

The substrate 100 may include a first region, a second
region and a third region. The second region may be
disposed between the first region and the third region.

The metal layer 20 may be disposed on the insulating
substrate 10. The metal layer 20 may include a first metal
layer 21, a second metal layer 22, and a third metal layer 23.
The first metal layer 21 may be a portion of the metal layer
20 corresponding to the first region, the second metal layer
22 may be a portion of the metal layer 20 corresponding to
the second region, and the third metal layer 23 may be a
portion of the metal layer 20 corresponding to the third
region.

The first metal layer 21 and the third metal layer 23 may
be short-circuited by the second metal layer 22.

The metal layer 20 may be used variously for a metal
wiring, a metal pattern, etc. In an example, in the case where
the metal layer 20 is a metal wiring, the first metal layer 21
and the third metal layer 23 are wirings to which different
signals are applied, and the second metal layer 21 may be
formed due to various reasons such as a process error, etc.
to short-circuit the first metal layer 21 and the third metal
layer 23. That is, the second metal layer 21 may be a
configuration which should be removed so as to electrically
and physically separate the first metal layer 21 and the third
metal layer 23 from each other.

The insulating layer 30 may be formed on the metal layer
20 to cover the metal layer 20, thus isolating the metal layer
20 from an outside.

The insulating layer 30 may be a silicon-based material,
for example, silicon oxide (SiOx), silicon nitride (SiNx), or
the like. The silicon-based material is transparent and has a
high insulation property so as to insulate the metal layer 20
from an outside.

Transmittance of light incident into silicon (Si) may be
different according to the wavelengths. When the wave-
length of light incident into silicon is about 4 um, the
incident light exhibits the highest transmittance. The silicon-
based material contains silicon atoms as a main component
and has a similar light transmittance characteristic to silicon.
For example, when the wavelength of the incident light is
about 2-6 pum, the silicon-based material has the highest light
transmittance characteristic.

Although not illustrated in the drawings, at least one layer
may be disposed between the insulating substrate 10 and the
metal layer 20.

In operation S2, laser beam (L.Z) is irradiated onto the
substrate 100 in a direction (D1) perpendicular to the
substrate 100 to selectively remove a portion of the metal
layer 20.

At this time, the laser beam (L.Z) may be irradiated by
using a wavelength variable solid laser. Therefore, the
wavelength of the laser beam (LZ) may be set to a range of
about 2-6 um that has a high transmittance with respect to
the insulating layer 30.

The laser beam (LZ) may be irradiated onto the second
region. The laser beam (LZ) passes through the insulating
layer 30 in the second region and transfers energy to the
second metal layer 22.

Since the second metal layer 22 has an inherent melting
point, when the second metal layer 22 may be heated to a
temperature of not less than the melting point thereof, the
second metal layer 22 starts to be melted.

Since the temperature of the second metal layer 22
increases in proportion to the irradiation time of the laser
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beam (L.Z), the laser beam (L.Z) may be irradiated until the
temperature of the second metal layer 22 arrives at the
melting point of the metal layer 20. By maintaining the
temperature of the second metal layer 22 at a temperature of
not less than the melting point of the metal layer 20 through
the irradiation of the laser beam (I.Z) for a predetermined
time, the second metal layer 22 may be selectively removed.

Referring to FIG. 3, it may be confirmed that the second
metal layer 22 was removed by the laser beam (L.Z).

According to the substrate repairing method in an
embodiment of the inventive concept, only the second metal
layer 22 may be selectively removed to electrically and
physically separate the first metal layer 21 and the third
metal layer 23 from each other. Since the insulating layer 30
is not changed, it continues to perform a role to insulate the
first metal layer 21 and the third metal layer 23 from an
outside. Also, since a side surface 21a of the first metal layer
21 and a side surface 23a of the third metal layer 23 which
are exposed by the removed second metal layer 22 are
isolated from an outside by the insulating layer 30, they are
not corroded due to moisture.

FIG. 4 is a flow diagram illustrating a substrate repairing
method according to another embodiment of the inventive
concept, FIGS. 5, 6A and 7 are cross-sectional views illus-
trating the substrate repairing method of FIG. 4, and FIG. 6B
is a plan view an irradiation path of a second laser beam.

Referring to FIGS. 4 and 5, in operation S11, a substrate
200 is first provided. Since the substrate 200 is substantially
the same as the substrate 100 in the previous embodiment
described with reference to FIGS. 2 and 3 except for the
material constituting a metal layer 40, like reference numer-
als are assigned to the remaining elements except for the
metal layer 40, and detailed description thereof will be
omitted.

The metal layer 40 may include a first metal layer 41, a
second metal layer 42, and a third metal layer 43. The first
metal layer 41 may be a portion of the metal layer 40
corresponding to the first region, the second metal layer 42
may be a portion of the metal layer 40 corresponding to the
second region, and the third metal layer 43 may be a portion
of the metal layer 40 corresponding to the third region.

The first metal layer 41 and the third metal layer 43 may
be short-circuited by the second metal layer 42.

The metal layer 40 may be used variously for a metal
wiring, a metal pattern, etc. In an example, in the case where
the metal layer 40 is a metal wiring, the first metal layer 41
and the third metal layer 43 are wirings to which different
signals are applied, and the second metal layer 42 may be
formed due to various reasons such as a process error, etc.
to short-circuit the first metal layer 41 and the third metal
layer 43. That is, the second metal layer 42 may be a
configuration which should be removed so as to electrically
and physically separate the first metal layer 41 and the third
metal layer 43 from each other.

The metal layer 40 may be formed of a metal having a
higher melting point than the insulating layer 30, for
example, chromium (Cr).

Also, the metal layer 40 may be formed in a plurality of
layers. When the metal layer 40 is formed in a plurality of
layers, the layer, among the plurality of metal layers, con-
tacting the insulating layer 30 may be made of a metal
having a higher melting point than the insulating layer 30.

Thereafter, a first laser beam (1.Z1) may be irradiated onto
the substrate 200 in a direction perpendicular to the substrate
200 to selectively remove some of the metal layer 40 and
some of the insulating layer 30.
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At this time, the first laser beam (L.Z1) may be irradiated
to the second region. The first laser beam (LZ1) transfers
energy to some of the insulating layer 30 and some of the
metal layer 40 which are on a traveling path thereof.

Referring to FIG. 6A, some of the insulating layer 30 and
the second metal layer 42 corresponding to the second
region are removed by the first laser beam (L.Z1), so that a
side surface 30a of the insulating layer 30, a side surface 41a
of the first metal layer 41 and a side surface 43a of the third
metal layer 43 are exposed.

Thereafter, in operation S13, a second laser beam (L.Z2)
may be irradiated onto the side surface 30a of the insulating
layer 30 to melt the side surface 30a of the insulating layer
30.

The second laser beam (L.Z2) may be irradiated with a
direction (D2) inclined by a predetermined angle with
respect to a direction (D1) perpendicular to the substrate
200. This operation may be performed to precisely irradiate
the second laser beam ([.Z2) onto the side surface 30a of the
insulating layer 30 and to increase the irradiation area of the
second laser beam (L.Z2).

Referring to FIG. 6B, the second laser beam (L.Z2) may
be irradiated so as to form a closed loop along the side
surface 30a of the insulating layer 30 in the inclined direc-
tion (D2) on a plane. The dotted line of FIG. 6B may be an
irradiation path of the second laser beam (I.Z2). By doing so,
the second laser beam (L.Z2) may be irradiated to all the side
surfaces 30a of the insulating layer 30. In the case where the
insulating layer 30 and the second metal layer 42 are
removed in a circular form on a plane by the first laser beam
(L71) as illustrated in FIG. 6B, the second laser beam (1.72)
may be irradiated in a circular form along the side surface
30a of the insulating layer 30.

The second laser beam (1.Z2) may be irradiated until at
least the temperature of the side surface 30qa of the insulating
layer 30 arrives at the melting point of the insulating layer
30 and before at least the temperatures of the side surface
41a of the first metal layer 41 and the side surface 43a of the
third metal layer 43 arrive at the melting point of the metal
layer 40.

Since the temperature rise of a material by irradiation of
the second laser beam (I.Z2) may be determined by vari-
ables, such as the wavelength and the irradiation time of the
second laser beam (L.Z2), the insulating layer 30 may be
selectively melted by controlling these variables.

The first laser beam (LZ1) and the second laser beam
(LZ2) may be irradiated by using a wavelength variable
solid laser. The first laser beam (I.Z1) and the second laser
beam (1.Z2) are irradiated in a condition that at least one of
wavelength and irradiation time may be different from each
other. This is because the first laser beam ([.Z1) should melt
both of the insulating layer 30 and the metal layer 40, and
the second laser beam (I.Z1) should selectively melt only the
insulating layer 30 as described above.

Referring to FIG. 7, in operation S14, a corrosion pre-
venting layer 50 covering the exposed side surface 41a of
the first metal layer 21 and the exposed side surface 43a of
the third metal layer 43 may be formed by using the side
surface 30a of the insulating layer 30 remaining after the
melting.

Some of the insulating layer 30 remaining after the
melting may be melted by the second laser beam (I1.Z2) to fill
a space between the side surface 41a of the first metal layer
41 and the side surface 43a of the third metal layer 43,
thereby forming the corrosion preventing layer 50. Since the
corrosion preventing layer 50 may be formed by melting the



US 9,468,996 B2

7

insulating layer 30, the corrosion preventing layer 50 may be
made of the same material as the insulating layer 30.

The corrosion preventing layer 50 covers at least the side
surface 41a of the first metal layer 41 and the side surface
43a of the third metal layer 43. In FIG. 7, it is exemplarily
illustrated that the corrosion preventing layer 50 covers the
side surface 41a of the first metal layer 41, the side surface
43a of the third metal layer 43, and a top surface of the
insulating substrate 10. However, the inventive concept is
not limited thereto. For example, if the corrosion preventing
layer 50 may cover the side surface 41a of the first metal
layer 41 and the side surface 43a of the third metal layer 43
by controlling the melting amount of the insulating layer 30,
the top surface of the insulating substrate 10 may be partially
exposed.

According to the substrate repairing method in another
embodiment of the inventive concept, by forming the cor-
rosion preventing layer 50, the side surfaces of the first metal
layer 41 and the third metal layer 43 which are exposed in
the course of electrically and physically separating the first
metal layer 41 and the third metal layer 43 may be insulated
from an outside. Therefore, the side surfaces of the first
metal layer 41 and the third metal layer 43 are not corroded
due to moisture.

As described above, according to the substrate repairing
method in an embodiment of the inventive concept, some of
a short-circuited metal layer may be selectively removed
without causing a variation in an insulating layer by irradi-
ating a laser beam.

According to the substrate repairing method in another
embodiment of the inventive concept, after a short-circuited
metal layer and an insulating layer are removed, the insu-
lating layer may be selectively melted to form a corrosion
preventing layer covering the exposed metal layer, thereby
preventing corrosion of the metal layer.

While this invention has been particularly shown and
described with reference to preferred embodiments thereof,
it will be understood by those skilled in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the invention as
defined by the appended claims. Therefore, embodiments
should be considered in descriptive sense only and not for
purposes of limitation.

What claimed is:

1. A method of repairing a substrate, the method com-
prising:

providing a substrate including a metal layer and an

insulating layer in direct contact with the metal layer;
and

irradiating a laser beam having a first wavelength range in

a direction perpendicular to the substrate to selectively
remove a portion of the metal layer while leaving the
insulating layer intact.

2. The method of claim 1, wherein the laser beam is
irradiated until at least the temperature of the metal layer
arrives at a melting point of the metal layer.
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3. The method of claim 1, wherein the metal layer
comprises a first meta layer, a second metal layer and a third
metal layer,

the first metal layer and the third metal layer are short-

circuited by the second metal layer, and

the laser beam is irradiated to remove the second metal

layer.

4. The method of claim 1, wherein the laser beam is
irradiated using a wavelength variable solid laser.

5. The method of claim 1, wherein the insulating layer is
made of a silicon based material.

6. The method of claim 5, wherein the insulating layer is
made of silicon oxide.

7. The method of claim 6, wherein the first wavelength
range is about 2-6 pm.

8. A method of repairing a substrate, the method com-
prising:

providing a substrate including a metal layer and an

insulating layer on the metal layer;
irradiating a first laser beam in a direction perpendicular
to the substrate to selective remove a portion of the
metal layer and a portion of the insulating layer;

irradiating a second laser beam onto a side surface of the
exposed insulating layer to melt the side surface of the
insulating layer; and

forming a corrosion preventing layer covering the side

surface of the insulating layer by using some of the
melted insulating layer.

9. The method of claim 8, wherein the metal layer is made
of a metal having a melting point higher than the insulating
layer.

10. The method of claim 9, wherein the second laser beam
is irradiated until at least the temperature of the insulating
layer arrives at the melting point of the insulating layer and
before at least the temperature of the metal layer arrives at
the melting point of the metal layer.

11. The method of claim 8, wherein the insulating layer is
made of a silicon based material.

12. The method of claim 11, wherein the insulating layer
is made of silicon oxide.

13. The method of claim 8, wherein the second laser beam
is irradiate with a predetermined slope with respect to a
direction perpendicular to the substrate.

14. The method of claim 12, wherein the second laser
beam is irradiated to form a closed loop on a plane along the
side surface of the insulating layer.

15. The method of claim 8, wherein the metal layer
comprises a first metal layer, a second metal layer and a third
metal layer,

the first metal layer and the third metal layer are short-

circuited by the second metal layer, and

the first laser beam is irradiated to remove the second

metal layer and a portion of the insulating layer corre-
sponding to the second metal layer.
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